Abstract -It was analyzed the interaction of B chromosomes with large knobs on chromosomes 3 and 9 in maize (high loss phenomenon), determining the frequency of concomitant breaks on these chromosomes, scoring for endosperm markers. Simultaneous loss of chromosomes 3 and 9 had a value 2.2 times higher than that expected if considering independent events. It seems that breaks induced by B chromosomes are clustered in specific spores. From the four different types of sperm nuclei derived from breakage of the two bridges of knobbed chromosomes 3 and 9, at the same or opposite sides of the equatorial plate, at the second microspore mitosis, only one of them can be correctly scored in the endosperm as doudle loss. Two are scored as single loss, since one translocated chromosome goes to the endosperm and the other to the embryo and one sperm nucleus has two normal chromosomes in the endosperm hence the dicentric chromosome goes to the embryo. So, when we score for markers in the endosperm, the observed frequency of simultaneous loss is only one fourth the actual frequency.
INTRODUCTION
The genomes of certain organisms include accessory, supernumerary, extra or B-type chromosomes in addition to the normal regular diploid chromosomal complement. B chromosomes are generally smaller than members of the normal complement, they are often heterochromatic and their transmission is characteristically non-Mendelian (SREENATH and JAGADISHCHANDRA 1988) .The origin of these chromosomes has been investigated and more recently, CAMACHO et al. (2000) in a good review about their evolution cited that molecular studies of B chromosomes have revealed that they do not have a single mode of origin, but instead can arise in a variety of ways. In maize, nondisjunction and preferential fertilization act in concert to produce the B accumulation mechanism (CARLSON 1988) . Intensive investigations have been carried out in many plant and animal species on the occurrence and behavior of the B chromosomes. They have been reported in hundreds of plant and animal species (CAMACHO et al. 2000) . But once they are not essential for growth and development of the organism and carry no known genes, it is impossible to determine from morphology alone whether or not an individual carries accessory chromosomes. The lack of phenotypic effect led to the belief that they were genetically inert (OSTERGREN 1945) . Subsequently, however, it became evident that all B chromosomes were not devoid of genetic activity (JONES and REES 1982) . There is much evidence, from both plants and animals, that B chromosomes can affect many cellular and physiological processes; generally, they have a quantitative effect on characteristics associated with vigour, fertility and fecundity (BOUGOURD 1993) . RHOADES et al. (1967) discovered an unexpected and dramatic effect resulting from the interac-tion of B chromosomes with the heterochromatic knobs of the A chromosomes, the "high-loss phenomenon". It is characterized by breaks in knobbearing chromosomes and the consequent loss of the acentric portion of the chromosome arm distal to the breakpoint. Breaks are induced in knobbed chromosomes at the second microspore division as a result of delayed replication of the knobs, when at least 2B chromosomes are present, resulting in a dicentric bridge at anaphase, that is breakage. All knobbed chromosomes are subject to loss in the presence of B chromosomes (RHOADES and DEMPSEY 1972, 1973) . Elimination of knob-bearing chromatin does not occur during development of the embryo sac (RHOADES 1978) The importance of the knob in the high loss phenomenon was demonstrated using a high loss derivative knobless for chromosome 3. In the absence of the knob, no loss of chromosome 3 markers occurred. Thus, the high loss phenomenon requires an interaction between B chromosomes and the heterochromatic knobs on A chromosomes (RHOADES et al. 1967 ) and larger knobs undergo loss more frequently than small ones (RHOADES and DEMPSEY 1972) .
One interesting aspect of the high loss phenomenon that needs more investigation is the analysis of concomitant loss in two different chromosomes, since RHOADES and DEMPSEY (1972) found a higher frequency than that expected from independent events. However, the strain they used had chromosome 5 with a small knob and consequently gave a low frequency of loss. So, this study was conducted with a high loss strain having large knobs on two different chromosomes, 3 and 9, to obtain additional information on the non-random frequency of concomitant loss, and to see if nonrandomness of joint loss applies to knobbed chromosomes in general. It is also analyzed the different kinds of spore nuclei formed subsequently to the breakage of the two bridges occurring on the same or opposite sides of the equatorial plate and the implications on endosperm markers constitution and loss frequencies.
MATERIALS AND METHODS
The frequency of loss induced by B chromosomes was determined for the following endosperm marker genes in chromosomes 3 and 9.
Chromosome 3 -was used the dominant allele A1, located distal to the knob in the long arm (3L), which produces anthocyanin pigment in the aleurone and plant while the recessive allele (a1) gives a colorless aleurone and plant. The cytological position is at approximately 0.80 in 3L.
Chromosome 9 -the marker genes used were Bz and Wx. Bz gives deep pigmentation in aleurone and plant while the recessive allele (bz) gives pale or bronze pigment in aleurone and plant. Wx with I-KI gives blue staining starch in endosperm and pollen grains while the recessive allele (wx) with I-KI gives red staining starch in endosperm and pollen grains. Wx is near the middle (0.50) of the short arm (9S) and Bz estimated position is 0.70.
Plants from the high loss stock, with B chromosomes, homozygous for large knobs on chromosome 3 (on long arm at 0.60) and chromosome 9 (end of short arm) and homozygous for the dominant markers A1; Bz Wx, were used as male parent in crosses with a1; bz wx female tester stock. The frequencies and patterns of endosperm loss were analyzed in the offspring.
RESULTS AND DISCUSSION
As shown in Table 1 , loss of only chromosome 9 markers occurred in 9.7% of the kernels and of only chromosome 3 marker in 6.0% of the kernels. The observed frequency of simultaneous loss for endosperm markers in chromosomes 3 and 9 (2.1%) is 2.2 times higher than that expected from independent loss in the two chromosomes (0.96%). RHOADES and DEMPSEY (1972) found that the frequency of double loss for endosperm markers was 2.5 times the expected frequency for joint loss of chromosomes 3 and 5. This finding confirms the suposition that concomitant loss of two knobbed chromosomes comes from non-random events. Another datum of interest is that 26.4% of the kernels with loss for the chromosome 3 marker also exhibit loss for chromosome 9 markers, instead of the 11.8% expected from independent loss.
RHOADES and DEMPSEY (1972) offered two alternative hypotheses to explain the non-random occurrence of simultaneous loss: (1) the two deficient chromosomes preferentially migrate to the same pole at the second microspore division or (2) loss events occur in certain "competent" spores possessing physiological conditions conducting to chromosome breakage. Their findings that recessive a1 kernels (exhibiting loss of a chromosome 3 segment in the endosperm) gave rise to a higher percentage of semi-sterile plants (13.5%), representing loss of another knobbed chromosome in the embryo, than did A1 kernels (2.8%) with no loss of chromosome 3 led them to favor the second hypothesis postulating the clustering of loss events in competent microspores.
The relatively frequent occurrence of halftranslocations or non-reciprocal translocations (9.0%), which is the recovery of only one of the two expected translocated chromosomes, reported by SARAIVA (1979) , in which both deficienttranslocated chromosomes move to different poles, is not expected on the first hypothesis, and this finding can be considered additional support for the concept that losses are clustered in competent spores.
The mechanism of loss induced by B chromosomes assumes the formation of a chromatid bridge as the result of delayed knob replication at the second microspore division. It is further assumed that, following breakage at anaphase, the knobbed acentric fragment passes to the same pole as the intact knobbed chromatid because the two are conjoined by the still undivided knob. Replication of the knob finally occurs and at telophase or interkinesis the acentric fragment with a freshly-broken end is no longer joined to the intact chromatid (RHOADES and DEMPSEY 1972) . When considering loss involving two different knobbed chromosomes, breaks in the two bridges can occur on the same or on different sides of the equatorial plate (Fig. 1) . Following breakage and fusion of broken ends, the dissimilar sperm nucleus randomly fertilize the egg or polar nuclei to give rise to the embryo and endosperm, respectively. Reciprocal translocations are not expected following the induction of breaks in two different knobbed chromosomes. SARAIVA (1979) found twenty-four plants possessing structural rearrangements involving two chromosomes, induced by B chromosomes, and all were non-reciprocal or half-translocations, that is the recovery of one of the two expected translocated chromosomes, although breaks had clearly taken place in two chromosomes.
When breaks in the dicentric bridges occur on different sides of the equatorial plate, as in Fig. 1 , one of the two deficient-translocated chromosomes will be included in sperm nucleus that fertilizes the egg and the other in the sperm that fertilizes the polar nuclei. Consequently one deficient-translocated chromosome will be recovered in the endosperm while the other will be in the embryo. In this case, although breaks occur simultaneously in two different knobbed chromosomes, the resulting kernels, if scored only for traits of the endosperm, will be combined with kernels from single breaks since they show loss for one or the other of the two chromosomes.
When the two bridges are ruptured on the same side of the equatorial plate (Fig. 1) , fusion of the sperm nucleus with the dicentric chromosome and the polar nuclei gives an endosperm which is correctly scored as a double loss. If, however, the sperm with the dicentric chromosome fertilizes the egg while the other with two structurally normal chromosomes unites with the polar nuclei, there will be no loss for endosperm markers. In the sporophytic tissue the dicentric chromosome would be subject to strong selection against its survival because the formation of bridge, when the two centromeres move to opposite poles, the subsequent breakage of it and the loss of genes that would weaken the seedling. So, it is unlikely that such plants would survive to maturity. MAIZE   3   Table 1 -Frequencies and patterns of endosperm loss found among 4243 offspring of high loss plants with knobbed chromosomes 3 and 9. The A1 allele in 3L is distal to the knob and the Bz and Wx alleles lie between the terminal knob and centromere in 9S. 
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